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 ,QWURGXFWLRQ
7KH GLIILFXOWLHV LQYROYHG LQ FRQYHQWLRQDO FRPSRVLWH SUHSDUDWLRQ E\ DGGLQJ WKH UHLQIRUFHPHQWV H[WHUQDOO\ DQG
IRUPLQJWKHFRPSRVLWHKDVOLPLWDWLRQVVXFKDVSRRUZHWWDELOLW\QRQXQLIRUPGLVWULEXWLRQRIWKHUHLQIRUFHPHQWDQG
DVVRFLDWHG LQWHUIDFH UHDFWLRQ EHWZHHQ WKHPDWUL[ DQG WKH UHLQIRUFHPHQW7KLV KDV OHG WRQHZHUDRI SUHSDULQJ WKH
FRPSRVLWH XVLQJ LQVLWX WHFKQLTXH ,Q WKLV FDVH WKH UHLQIRUFHPHQWV DUH WKHE\SURGXFWV RI VRPHFKHPLFDO UHDFWLRQV
LQVLGHWKHPROWHQDOOR\ZKLFKEDVLFDOO\HOLPLQDWHVWKHSUREOHPVRIZHWWDELOLW\DQGLQWHUIDFHUHDFWLRQEHWZHHQPDWUL[
DQG UHLQIRUFHPHQW )XUWKHU WKH FRPSRVLWHV FDQ EH VWUHQJWKHQHG E\ VHFRQGDU\ SURFHVVLQJ WHFKQLTXHV OLNH IRUJLQJ
UROOLQJ H[WUXVLRQ HWF ,I HQKDQFHPHQW IRU EDVH SURSHUW\ KDV WR EH GRQH ZLWKRXW WKH FKDQJH LQ GLPHQVLRQ RI WKH
VSHFLPHQ WKDQ WKH DERYH VHFRQGDU\ SURFHVVLQJ WHFKQLTXHV IDLO 7KXV RQH RI WKH 63' WHFKQLTXH HTXDO FKDQQHO
DQJXODU SUHVVLQJ KHOSV LQ DSSO\LQJ SODVWLF VWUDLQV GXULQJ GHIRUPDWLRQ DQG PHDQZKLOH PDLQWDLQV WKH VSHFLPHQ
GLPHQVLRQ 7KXV (&$3 SURYLGHVDWHFKQLTXHIRUSURGXFLQJPLFURVWUXFWXUHVZLWKILQHJUDLQVVL]HVLQWKHVXEPLFURQV
RU QDQRPHWHU UDQJH VFDOH E\ LQWURGXFLQJ H[WUHPHO\ KLJK SODVWLF VWUDLQV GXULQJ GHIRUPDWLRQ $ ELOOHW H[SHULHQFHV
VLPSOHVKHDUZLWKRXWFURVVVHFWLRQDOFKDQJHXSRQSDVVLQJWKURXJKWKHGLHVRWKDWWKHSURFHVVFDQEHLWHUDWHGDJDLQ
DQGDJDLQWRUHILQHWKHJUDLQVL]HVWRXOWUDILQHVWUXFWXUH .55DYL HWDO :-.LP HWDO
$QDWWHPSWLVPDGHLQWKLVSDSHUWRKLJKOLJKWWKHPHFKDQLFDOSURSHUWLHVVXFKDVKDUGQHVVWHQVLOHVWUHQJWKDQGZHDU
RI DOXPLQLXP 7L%LQVLWXFRPSRVLWHVXEMHFWHGWRVHYHUHSODVWLFGHIRUPDWLRQ
(&$3LVFDUULHGRXWE\LQWURGXFLQJDOXEULFDWHGELOOHWLQWRDGLHFRQWDLQLQJWZRFKDQQHOVZLWKHTXDOFURVVVHFWLRQ
)RUVXIILFLHQWO\ ORQJELOOHWVSODVWLF IORZLVHVVHQWLDOO\ VWHDG\DQG LQRQHSODQH7KHFKDQQHO LQWHUVHFWVDWDQDQJOH
GHQRWHGE\ĭDQGLVHTXDOWR LQWKHVWXG\7KHSURFHVVLVGHVFULEHGLQ )LJXUH 8QGHUWKHVHFRQGLWLRQV WKH
ELOOHWPRYHVLQVLGHWKHFKDQQHOVDVDULJLGERG\DQGGHIRUPDWLRQLVDFKLHYHGE\VLPSOHVKHDULQD³WKLQOD\HU´DWWKH
FURVVLQJSODQHRIWKHFKDQQHOV7KXVWKHFRPSOHWHELOOHWH[FHSWWKHVPDOOHQGUHJLRQVDQGWKHPLQRUVXUIDFHDUHDLV
GHIRUPHG LQ XQLIRUPPDQQHU WKURXJKRXW WKH OHQJWKRI WKHELOOHW 7KHGLH DQJOHGHWHUPLQHV WKH LQFUHPHQWDO VWUDLQ
LQWHQVLW\DSSOLHGDVWKHELOOHWSDVVHVWKURXJKWKHVKHDUSODQH
)LJXUH (&$3GLHZLWKWKHGHWDLOVRIYDULRXVDQJOHV
([SHULPHQWDO3URFHGXUH
0DWHULDOV
7KH $OXPLQLXP  LV RQH RI WKH FRPPHUFLDO DOOR\VZKLFK KDV ODUJHDSSOLFDWLRQV LQ DHURVSDFH DQG DXWRPRELOH
LQGXVWULHV7KHDOOR\H[KLELWVJRRG IRUPDELOLW\JRRGFRUURVLRQ UHVLVWDQWJRRGZHOGDELOLW\DQGFRPSDUDWLYHO\ ORZ
FRVW 7KHDOOR\LVDOVRKHDWWUHDWDEOHDQGWKH VWUXFWXUHFDQEHPRGLILHGFRQVLGHUDEO\ZLWKGLIIHUHQWKHDWWUHDWPHQW
SURFHVV
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0HWKRGV
3UHSDUDWLRQRI&RPSRVLWHV
7KH DOOR\ ZDV HQULFKHG ZLWK WKH UHLQIRUFHPHQW XVLQJ FDOFXODWHG DPRXQWV RI UHDFWLRQ PL[WXUH WR IRUP WKH
UHLQIRUFHPHQW7L% E\ LQLWLDWLQJFKHPLFDO UHDFWLRQ LQVLGH WKHDOOR\EHWZHHQ.%) 7L2 DQG1D$O)7KH LQVLWX
UHDFWHG$O7L% FRPSRVLWHZDV WKHQVXFFHVVIXOO\SURFHVVHG WKURXJKVWLUFDVWLQJ WHFKQLTXH<XNLKLGH)XNXGD HWDO
 7KHDOOR\ZDVIXUWKHUHQULFKHG ZLWKWKHUHLQIRUFHPHQWXVLQJGLIIHUHQWDPRXQWVRI7L%DQG
ZW
$VFDVW([SHULPHQWV
7KHDVFDVWFRPSRVLWHVZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQWZHUHHYDOXDWHGIRUPHFKDQLFDOSURSHUWLHVZKLFKLQFOXGH
KDUGQHVVWHQVLOHVWUHQJWKGXFWLOLW\DQGZHDU
(&$3([SHULPHQWV
7KH DVFDVW FRPSRVLWHV ZHUH VXEMHFWHG WR (&$3 DQG WKDQ WKH (&$3 VDPSOHV ZHUH HYDOXDWHG IRU WKHPHFKDQLFDO
SURSHUWLHV 7KH GHWDLO RI WKH VDPH LV H[SODLQHG KHUHZLWK  $GLH KDYLQJ WZR FKDQQHOV HTXDO LQ FURVV VHFWLRQ
LQWHUVHFWLQJ DW DQ DQJOH RI  DQGZLWK DQ DUF RI FXUYDWXUH RI  DW WKH RXWHU SRLQW RI LQWHUVHFWLRQ RI WKH WZR
FKDQQHOVZDVXVHG:LWKWKLVFRQILJXUDWLRQLWFDQEHVKRZQWKDWWKHVWUDLQRFFXUUHGRQDVLQJOHSDVVWKURXJKWKHGLH
LV a&KHQJ;X HW DO  ZKLOHPXOWLSOH SDVVHVPD\ EH XQGHUWDNHQ WR DWWDLQ KLJK VWUDLQV ,Q WKH SUHVHQW VWXG\
VDPSOHVZHUHSUHVVHGIRU SDVVHVWRDVWUDLQRIaXVLQJSUHVVLQJURXWH%FLQZKLFKWKHVDPSOHVDUHURWDWHGLQWKH
VDPHGLUHFWLRQE\ EHWZHHQFRQVHFXWLYHSDVVHVWKURXJKWKHGLH
&KDUDFWHUL]DWLRQ
$OOWKHFRPSRVLWHVDPSOHVZHUHFKDUDFWHUL]HGE\WHQVLOHVWUHQJWKKDUGQHVVDQGZHDU7KHWHQVLOHWHVWLQJZDVGRQHDV
SHU$670VWDQGDUG(DXVLQJ7HQVRPHWHU3&DQGKDUGQHVVPHDVXUHPHQWVXVLQJ9LFNHUVKDUGQHVVWHVWHU
ZKLOH ZHDU WHVW ZDV FDUULHG RXW XVLQJ SLQRQ GLVF XVLQJ'LJLWURQL[:HDU FKDUDFWHULVWLFV RI WKH FRPSRVLWHV ZHUH
VWXGLHGXQGHU WKH QRUPDO ORDG 1 DQGYDU\LQJ VOLGLQJ GLVWDQFHV PPDQGPXVLQJSLQRQGLVF
ZHDUWHVWLQJPDFKLQH7KHZHDUUHVLVWDQFHKDVEHHQFRPSXWHGLQWHUPVRIZHLJKWORVVRIWKHPDWHULDO7KHVDPHZDV
UHSHDWHGWRWKHDVFDVW(&$3VDPSOHVLQRUGHUWRVWXG\WKHHIIHFWRIVHYHUHSODVWLFGHIRUPDWLRQ
 5HVXOWVDQG'LVFXVVLRQ
&RQILUPDWLRQRIWKHSUHVHQFHRI7L% LQWKHDOOR\
)LJXUH VKRZVWKH;5'SDWWHUQRIWKH$O7L% LQVLWXFRPSRVLWHUHYHDOLQJWKHSUHVHQFHRI7L% LQWKHEDVH
DOOR\UHVXOWLQJIURPH[RWKHUPDOUHDFWLRQRIWKHFKHPLFDOV .%) 7L2 DQG1D$O) LQWKHEDVHDOOR\OHDGLQJWRWKH
IRUPDWLRQRI 7L% LQ WKHDOOR\7KHPDMRU LQWHQVLW\SHDNV VKRZV WKHSUHVHQFHRIDOXPLQLXPZKLOH WKH VPDOO
SURPLQHQWLQWHQVLW\SHDNVFRQILUPVWKHSUHVHQFHRI7L%<XNLKLGH)XNXGD HWDO
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)LJXUH;5'3DWWHUQRI$O7L% LQVLWXFRPSRVLWH
&RPSDULVRQRI8OWLPDWH7HQVLOH6WUHQJWKZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQW
)LJXUH  UHSUHVHQWV WKH XOWLPDWH WHQVLOH VWUHQJWK RI $VFDVW FRPSRVLWHV DQG (&$3 FRPSRVLWHV ZLWK YDU\LQJ
UHLQIRUFHPHQW FRQWHQW ,W LV REVHUYHG IURP WKH ILJXUH WKDW WKH WHQVLOH VWUHQJWK RI WKH (&$3 VDPSOHV H[KLELWV
FRQVLGHUDEO\KLJKHUWKDQWKHDVFDVWVDPSOHV7KHUHLVDSSUR[LPDWHO\DURXQGLQFUHDVHLQWKHWHQVLOHVWUHQJWKRI
DV FDVW (&$3 VDPSOHV ZKHQ FRPSDUHG WR DV FDVW VDPSOHV %LQJ 4 +DQ HW DO  /M&KHQ HW DO  7KLV
LQFUHDVH LQ WKH WHQVLOHVWUHQJWKRI(&$3VDPSOHVPD\EHDWWULEXWHG WR LQFUHDVHGDFFXPXODWHGVWUDLQ LQ WKH VDPSOH
DIWHUHDFKSDVVHVZKLFKFKDQJHVWKHWH[WXUHRIWKHFRPSRVLWHFRQVLGHUDEO\7KHWH[WXUDOFKDQJHVLQFUHDVHWKHPLFUR
KDUGQHVVRIWKHVDPSOHVDQGLQWXUQWKHXOWLPDWHWHQVLOHVWUHQJWK
)LJXUH&RPSDULVRQRI$V&DVWWHQVLOHVWUHQJWKWR$V&DVW(&$3WHQVLOHVWUHQJWKZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQW
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&RPSDULVRQRI(ORQJDWLRQZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQW
)LJXUH &RPSDULVRQRI$V&DVW(ORQJDWLRQWR$V&DVW(&$3(ORQJDWLRQZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQW
7KHILJXUHUHSUHVHQWVWKHHORQJDWLRQRIDVFDVWDQGDVFDVW(&$3,WLVREVHUYHGIURPWKHILJXUHWKHHORQJDWLRQ
RI DVFDVW DQG DVFDVW(&$3 DOPRVW RYHUODSV ,W LV NQRZQ WKDW DV WKH VSHFLPHQV KDUGQHVV LQFUHDVHV WKH HORQJDWLRQ
GHFUHDVHV%XWKHUHLQWKLVFDVHWKH(&$3VDPSOHVGXFWLOLW\ZDVQRWDIIHFWHGDQGUHPDLQHGDOPRVWVDPHDVWKDWRI
WKH DVFDVW FRPSRVLWH  7KLV PD\ EH GXH WR WKH KLJK VWUDLQ UDWH ZKLFK UHILQHV WKH VWUXFWXUH RI WKH FRPSRVLWH
FRQVLGHUDEO\ZKLFKVKRXOGWKHRUHWLFDOO\HQKDQFHWKHGXFWLOLW\RIWKHPDWHULDO $$6DOHP HWDO ;LDRQRQJ HWDO
+HUHLQWKLVVWXG\WKHFRPSRVLWHZDVVXEMHFWHGWRMXVW WZRSDVVHVRI(&$3IROORZLQJ %F URXWHZKHUHWKHUH
ZDV QR HQKDQFHPHQW LQ WKH GXFWLOLW\ EXW LQWHUHVWLQJO\ WKHUH ZDV QR GHWHULRUDWLRQ LQ WKH  HORQJDWLRQ RI WKH
FRPSRVLWH7KLVVKRZVWKDWVXEMHFWLQJWKHVDPSOHVIRUIXUWKHUSDVVHVRI(&$3WKHUHFRXOGEHFRQVLGHUDEOHUHGXFWLRQ
LQ WKH JUDLQ VL]H DQG HQKDQFHPHQW LQ WKH HORQJDWLRQ RU FDQ H[SHFW WKHPDWHULDO WR EHKDYH OLNH D VXSHU SODVWLF
PDWHULDO
&RPSDULVRQRI +DUGQHVV ZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQW
)LJXUHVKRZVWKHKDUGQHVVYDOXHVRIERWKDVFDVWVDPSOHVDQGDVFDVW(&$3 VDPSOHV,WLVYHU\FOHDUIURPWKHJUDSK
WKDW WKH KDUGQHVV RI WKH DVFDVW(&$3 VDPSOHV LV KLJKHUZKHQ FRPSDUHG WR DVFDVW VDPSOHV  7KLV LQFUHDVH LQ WKH
PLFURKDUGQHVVRIWKHDVFDVW(&$3VDPSOHVPD\EHDWWULEXWHGGXHWRWKHJUDLQVL]HUHGXFWLRQHQFRXQWHUHGGXULQJWKH
(&$3SURFHVV$FFRUGLQJ WR +DOO SHWFKHTXDWLRQ LW LVFOHDU WKDW WKH ORZHUGLDPHWHURI WKHJUDLQVUHVXOWV LQKLJKHU
PHFKDQLFDOSURSHUWLHVVXFKDVKDUGQHVVDQGXOWLPDWHWHQVLOHVWUHQJWK .55DYL HWDO /M&KHQ HWDO
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)LJXUH &RPSDULVRQRI$V&DVW+DUGQHVVWR$V&DVW(&$3+DUGQHVVZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQW
&RPSDULVRQRI :HDU ZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQWDORQJWKH6OLGLQJ'LVWDQFH
7KHILJXUHUHSUHVHQWVWKHZHDURIDVFDVWVDPSOHDQGWKHDVFDVW(&$3VDPSOHVDORQJWKHYDU\LQJVOLGLQJGLVWDQFH,W
LVREVHUYHGIURPWKHJUDSKWKDWWKHZHDURIDVFDVW(&$3VDPSOHVLVFRPSDUDWLYHO\ORZHUWKDQDVFDVWVDPSOHZHDU,W
LVFOHDUIURPWKHHDUOLHUGLVFXVVLRQWKDWWKHPLFURKDUGQHVVRIWKH(&$3VDPSOHVLVKLJKHUZKHQFRPSDUHGWRDVFDVW
KDUGQHVV7KLV LQFUHDVH LQ WKHPLFURKDUGQHVVRI WKH(&$3 VDPSOHV UHVXOWV LQ WKH ORZHUZHDUZKHQ FRPSDUHG WR
DVFDVWVDPSOHVZHDU
)LJXUH &RPSDULVRQRI$V&DVW:HDUWR$V&DVW(&$3:HDUZLWKYDU\LQJUHLQIRUFHPHQWFRQWHQWDORQJPPPVOLGLQJGLVWDQFH
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0LFURVWUXFWXUH6WXGLHV
)LJXUH0LFURVWUXFWXUHRIDVFDVW$O 7L% FRPSRVLWH;
7KH RSWLFDO PLFURVWUXFWXUH RI DVFDVW FRPSRVLWH LV VKRZQ LQ WKH ILJXUH ,W LV REVHUYHG IURP WKH PLFURVWUXFWXUH
FRQVLVWVRIFRDUVHJUDLQVWUXFWXUHRIDOXPLQXPVROLGVROXWLRQDQGWKHUHLQIRUFHPHQWLVUDQGRPO\GLVWULEXWHG &KHQJ
;X HWDO-0.LP HWDO7KHJUDLQVL]HLVDSSUR[LPDWHO\P
)LJXUH0LFURVWUXFWXUHRIDVFDVW(&$3$O 7L% FRPSRVLWH;
)LJXUHUHSUHVHQWWKHPLFURVWUXFWXUHRIWKHDVFDVW(&$3$O 7L% FRPSRVLWHDIWHUWZR(&$3SDVVHVIROORZLQJ%F
URXWH 7KH0LFURVWUXFWXUH FRQVLVWV RI ILQH JUDLQHG DOXPLQLXP ZKLFK KDG UHIRUPHG FRQVLGHUDEO\ DIWHU WZR(&$3
SDVVHV7KHUHLQIRUFHPHQWKDGEURNHQGRZQDQGXQLIRUPO\GLVWULEXWHGWKURXJKRXWWKHPLFURVWUXFWXUH7KHJUDLQVL]H
ZDVDSSUR[LPDWHO\EHWZHHQ WRP7KLV UHGXFWLRQ LQJUDLQVL]HPD\EH WKHUHDVRQIRU LQFUHDVHGPHFKDQLFDO
VWUHQJWKZKLFKZDVREVHUYHGLQWKH(&$3VDPSOHV
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&RQFOXVLRQV
x (&$3VHHPVWREH D QRYHOWHFKQLTXHLQLPSURYLQJWKHVWUHQJWKRIWKH$O7L% LQVLWXFRPSRVLWHE\
SURYLGLQJKLJKVWUDLQVDQGUHILQLQJWKHJUDLQVWUXFWXUH
x +DUGQHVVRIWKHDOOR\DQGWKHFRPSRVLWHFDQEHVXEVWDQWLDOO\LPSURYHGDIWHU(&$3SURFHVVLQJ
x $OPRVW  LQFUHDVH LQ KDUGQHVV ZDV REVHUYHG IRU WKH FRPSRVLWH FRPSDUHG WR WKH FRPSRVLWH EHIRUH
(&$3LQJDQGDOPRVWGRXEOLQJRILWVYDOXHIRU7L% FRPSRVLWHDIWHUSDVVHVFRPSDUHGWRWKDWRIWKH
EDVHDOOR\
x 7KH XOWLPDWH VWHQJWK RI WKH (&$3 VDPSOHV VKRZHG FRQVLGHUDEO\ KLJKHU ZKHQ FRPSDUHG WR FRPSRVLWH
8767KHUHZDVDSSUR[LPDWHO\HQKDQFHG876LQ(&$3LQJVDPSOHV
x 7KHGXFWLOLW\RIWKH(&$3HGFRPSRVLWHVZDVQRW DIIHFWHGPXFK
x 7KH LQWHQVHSODVWLF VWUDLQVEUHDNGRZQ WKHJUDLQVFRQVLGHUDEO\DVREVHUYHG LQ WKHPLFURVWUXFWXUHVRI WKH
FRPSRVLWHEHIRUHDQGDIWHUPXOWLSDVVHVRI(&$3
$&.12:/('*(0(17
7KHDXWKRUVZRXOGOLNHWRDFNQRZOHGJHWKHLUVLQFHUHJUDWLWXGHWRWKHPDQDJHPHQWVRIUHVSHFWLYHLQVWLWXWLRQVIRUWKHLU
VXSSRUWDQGHQFRXUDJHPHQWLQWKLVZRUN
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